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Abstract: The undoubted advantages of induction motor drives fed by frequency inverters,
for energy efficiency improvement inclusive, have led to their increasing utilization in
practice. Their application results in generation of harmonic distortions that have an
adverse effect on electromagnetic compatibility. This paper presents a study of the degree of
harmonic current distortions in the electric supply system caused by variable frequency
drives of different manufacturers at varying loads. It has been established how the values of
the total harmonic distortion and the crest factor change at no load and at rated load
applied to the studied frequency inverters. As a result of the performed analysis of the
generated harmonics, the most pronounced harmonics of the power line current have been
determined, which must be filtered in order to prevent disturbance of the electromagnetic
compatibility.
Keywords: energy efficiency of variable frequency drives, current harmonics, total
harmonic distortion, crest factor
1. INTRODUCTION
In practical applications, the number of variable induction motor drives fed by
frequency inverters is continuously increasing. While such drives possess a series of
undoubted advantages, they also cause electric power quality deterioration as it is
regulated in the Standard BDS EN 50160:2003 [2].
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The use of asynchronous electric drives with frequency inverters leads to increased
energy efficiency which stands as a priority for modern economic development and
complies with Directive 2006/32/EC of the European Parliament and of the EU
Council. It lists sample measures on energy efficiency improvement in the final
consumption of electricity by motors and drives. The said measures include
increasing the use of electronically controlled drives, adjustable variable speed drives,
and high-efficiency electric motors [4].
One of the problems arising during the operation of controllable asynchronous
drives is related to the so-called electromagnetic compatibility with the power
supply system. Variable speed drives are consumers with nonlinear current-voltage
characteristics, which draw non-sinusoidal current and as a result higher-order
current harmonics are generated in the electric supply system. These produce
voltage drops in the resistance of the other components in the electric supply system
which overlap the fundamental voltage sine wave and cause distortion of the sine
waveform.
The possibility of generation of harmonic voltage distortions in the electrical grid
depends on the impedance of the system and on the power of the power supply
transformer and of the nonlinear load. The higher the power of the transformer, the
smaller distortions it causes. When the power of adjustable asynchronous electric
drives is smaller than (10...15)% of the power of the transformer it is assumed that
the inverters will pose no problem with the electric supply system operation.
Since January 1996, the electromagnetic compatibility Directive 89/336/EEC has
been effective in the European Union. The regulatory framework stipulating the
requirements to electromagnetic compatibility of adjustable drives is given in the
Standard EN 61800-3 [3]. The compliance with the requirements of the said
Standard stands as a minimum condition for free trade of electronic power
converters. Under this Standard, manufacturers are required to provide, in the
product documentation or upon request, the percentage ratio of current harmonics
with successive numbers up to, as a minimum, the 25th one in relation to the
fundamental component, at rated conditions.
Frequency inverter manufacturers include warnings in the operation manuals that
the direct switching of inverters to the supply grid without the use of filters may
result in power grid disturbances. Furthermore, the types of filters to be used for a
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specific frequency inverter are also specified. Other manufacturers market frequency
inverters with power chokes.
The purpose of this study is to produce a comparative analysis of the degree of
harmonic current distortions in the electric supply system when an induction motor
is fed by different frequency inverters with a changing load.
2. PRESENTATION
The experimental studies are conducted using a three-phase induction motor type
1LA9083-2 KA60 with rated characteristics: 1,1kW; 400/690V; 2,1/1,23A;
2860min-1; energy efficiency class EEF1, manufactured by Siemens. The induction
motor is powered by two identical technical data frequency inverters of leading
manufacturers of converting equipment, provisionally designated as F1 and F2. A
pre-set separately excited DC generator serves as a load.
All tests are carried out at 380V rated supply voltage of the induction motor and 50
Hz current frequency, without the use of line filters or other devices to attenuate the
effect of the higher-order harmonics.
The measurements at the variable frequency drive (VFD) input are performed using
a three-phase power and quality analyser Qualistar C.A.8334 with accuracy class for
voltage and currency measurements ±0,5%, manufactured by the French company
Chauvin Arnoux.
Figure 1. shows the structural diagram of the VFD used in the experiments. They
are of the most common type of frequency inverters with an intermediate DC link.
Each inverter also includes an uncontrollable rectifier, a DC link and an inverter
operating by the principle of pulse-width modulation.
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Figure 1. Structural diagram of a frequency inverter with an intermediate
DC link and pulse-width modulation
3. RESULTS AND DISCUSSION
In the frequency inverters used in this experiment, the mains supply voltage is first
rectified by an uncontrollable three-phase 6-pulse bridge rectifier, whereupon the
rectified voltage is filtered through a capacitor in the intermediate DC link. By
applying pulse-width modulation the inverter transforms DC voltage into AC
voltage. The amplitude and frequency of the AC (output) voltage change by a preset
law that serves to control the speed of induction motors.
Figure 2 shows the oscillograms produced by the analyser for the three-phase input
current supplied to the two frequency inverters, at no-load and full rated load of the
induction motor.
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а) at no load, to the input of F1 b) at no load, to the input of F2
c) at rated load, to the input of F1 d) at rated load, to the input of F2
Figutre 2. Oscillogram of the input current supplied to frequency inverters F1 and F2
As can be seen in Figure 2, current flows through each phase for a very short period
of time (1,5 ... 2,0)ms and its waveform differs significantly from the sine
waveform. Therefore, there are harmonics passing through the power line. The
current consumed in each phase consists of two discrete pulses per half-period and
these have a very high peak value. The pulses occur when the diodes of the
respective phase are “on” and the capacitor voltage is lower than the the DC busses
voltage. As a result, a process of charging the capacitor takes place. At every one
moment two diodes from the different phases are “on”, one of the diodes being
from the cathode group with highest potential of the anode, and the other from the
anode group with lowest potential of the cathode.
For sinusoidal magnitudes, the ratio between the effective and maximum values is
1,41. From the obtained results (Figure 2) it is evident that the current peaks reach
values of up to 4A for F1, and 4,5A for F2 at no-load condition, with an effective
value of the current drawn from the power line 1A, i.e. current peaks are about 4
times higher and express a non-sinusoidal character.
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For evaluation of the non-sinusoidal character of the current and voltage two basic
indices [1] are used. The first one is the peak (crest) factor of the current CF1 or of
the voltage CFU which represents the ratio of the peak value of the current (or
voltage) Imax (Umax) to its effective value, with consideration of the influence of the
harmonics. The employed three-phase analyser measures the values of the
harmonics up to the 50th one, i.e. k=50, and the crest factor is calculated by the
formula:
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where Ik is the effective value of the k-order harmonic.
The other index is the so-called non-sinusoidality known also as Total Harmonic
Distortion Factor THDI:
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where I1 is the effective value of the first (fundamental) harmonic.
Table 1 gives the computed average values of the current consumption (I), the total
harmonic distortion of voltage (THDU) and of current (THDI), the crest factor of
voltage (CFU) and of current (CFI), obtained from the measurements in the three
phases.
Table 1. Results for the indexes characteristic of the non-sinusoidality of
current and voltage
Quantity F1 F2No load Rated load No load Rated load
I, А 1,12 3,16 1,09 2,77
THDI, % 152,45 127,71 160,15 103,77
THDU, % 1,9 1,85 1,57 1,60
CFI 3,22 3,28 3,84 2,81
CFU 1,39 1,39 1,39 1,4
For the first frequency inverter designated as F1, the crest factor almost never
changes at no load or at rated load, while for the second one, F2, it reduces from
3,84 to 2,81, i.e. by 27%.
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At no load, the total harmonic distortion of current (THDI) is approximately 150%
for F1 and 160% respectively for F2. The total harmonic distortion of the current
consumed by inverter F2 is 5% higher compared to that of F1.
а)
b)
Figure 3. Spectral composition of the input current to frequency inverters
F1 and F2 at: a) no load applied to the induction motor; b) rated load
applied to the induction motor
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In the situation of rated load, it is the opposite. The total harmonic distortion in F1
is 23% higher than in F2. As a whole, in both frequency inverters, with the load
changing from no load to full rated load, the total harmonic distortion diminishes
in the process by 16% in F1 and 35% in F2, respectively.
Figure 3 shows the current harmonics for the two different inverters in order to
make their comparison easier.
In the electric supply system are generated current harmonics of order n = 6k±1 in
the case of 6 rectifying diodes, where k = 1, 2, 3 ... By applying symmetrical load to
the three phases, the current drawn by the load does not include harmonics that are
multiples of 3, and consists of straight harmonics n = 6k+1 and subharmonics n =
6k-1.
As is seen in Figure 3, for both frequency inverters the most pronounced are the
odd harmonics with harmonic numbers 5, 7, 11, 13, 17, 19, etc. By continuously
applying load to the induction motor, the 11th and 13th harmonics are substantially
reduced, by about 30% and 20% respectively.
The total harmonic distortion (THDU) and the crest factor (CFU) of the supply
voltage do not change after switching on the speed drive because the power of the
drive (1,1 kW) is much lower than the power of the power supply transformer (400
kVA).
4. CONCLUSION
Frequency inverters draw from the mains strongly non-sinusoidal current with a
high total harmonic distortion factor. At no-load condition, the current pulses have
a width of about (1,5 ... 2) ms. This problem is the subject of previous research but
no comparative analysis has been done on how the induction motor loading
influences the current pulses width, the total harmonic distortion and crest factor
for the current.
The degree of total harmonic distortion of current depends on the load applied to
the induction motor. It reduces with the increase of the load since the current pulses
increase in width. For frequency inverter F1, THDI is reduced from 152% at no
load to 128% at a load corresponding to the nominal power, while power supply
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through frequency inverter F2 results in significantly higher reduction, from 160%
down to 103%.
The crest factor for the current, as the loading changes from no load to full rated
load, remains almost unchanged for the frequency inverter F1 while for F2 it
diminishes significantly.
It is necessary to use filters at the input of the frequency inverters to suppress the
higher-order harmonics of the current, with a maximum efficiency in the range of
the 5th to the 7th harmonics which have the highest amplitudes.
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